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第二章主要是发展了链接毛细管气相色谱（capillary Gas Chromatography, 
cGC）电感耦合等离子体质谱（Inductive Coupled Plasma Mass Spectrometry , 




效率和灵敏度有很大的改善，对于 Pb2+, Me3Pb+, Me4Pb, Et3Pb+, Et4Pb 和 Hg2+, 
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Pb and Hg are very toxic elements, which both come mainly from anthropogenic 
activities but follow different pathways of species transformation in the environment. 
Their toxicity and/or bioavailability, in addition to their mobility and their impact on 
the environment/organism, depend not only on their total concentration but also 
significantly on their chemical forms. In general, the monopositive cations behave as 
maximal toxic species that are derived by loss of one organic group from the neutral 
fully saturated organometal, e.g. (C2H5)3Pb+, and CH3Hg+. Interest in the 
environmental/biological pathways of organolead and organomercury compounds has 
been growing in order to elucidate and understand the biogeochemical cycles and the 
toxicity and/or bioavailability of Pb and Hg for decades. To this end, novel and 
sophisticated analytical methods have played a crucial role, and it is now recognized 
worldwide that one has to rely on a combination of chromatographic separation 
techniques with structure-selective and/or element-specific detectors in most cases of 
real-life analytical speciation.  
The main contributions of this thesis are that 1) designing and constructing a 
novel thermo-diffusion interface (TDI) in order to couple capillary gas 
chromatography (cGC) and inductively coupled plasma mass spectrometry (ICPMS) 
for simultaneous speciation of inorganic and organic Pb and Hg species; 2) 
synthesizing tri-n-propyl-lead chloride (Pr3PbCl),  which was used as a new internal 
standard (IS) for simultaneous speciation of Pb and Hg; 3) applying cGC-TDI-ICPMS 
and using Pr3PbCl as an IS to determination and speciation of Pb and Hg as well as 
other heavy metals and metalloids in time-resolved peat bog and tree bark pocket 
samples for evaluating the historical trend and degree of environmental pollution. 
This thesis consists of 5 chapters as below: 
In Chapter One, the abundance and existing species of Pb and Hg in the 
environment as well as their toxicities were briefly introduced; the current strategies 
of Pb and Hg determination and speciation have been reviewed briefly including the 















proposal was thus made for this thesis, aiming to develop novel interface for coupling 
cGC and ICPMS, and synthesize new IS for simultaneous speciation of Pb and Hg in 
environmental and biological samples.  
In Chapter Two, a novel thermo-diffusion interface was designed and constructed 
for the effective coupling of cGC and ICPMS. After optimization of sample 
preparation and derivatization of target Pb and Hg species as well as the instrumental 
conditions have been performed, in which butyl magnesium bromide (BuMgBr) was 
used as a derivatization reagent to distinguish different Pb/Hg species the sample, the 
speciation of common inorganic and organic Pb and Hg species could be achieved 
within 7 min. The method detection limits for Pb2+, Me3Pb+, Me4Pb, Et3Pb+, Et4Pb 
and Hg2+, MeHg+, EtHg+ are 7.0 pg g-1, 0.04 pg g-1, 0.07 pg g-1, 0.06 pg g-1, 0.06 pg g-1, 
0.2 pg g-1,  0.09 pg g-1, 0.1 pg g-1, respectively; the recoveries of lead and mercury 
species are between 92.2 - 110％. 
In Chapter Three, tir-n-propyl-lead chloride was synthesized and used as a new 
IS for simultaneous speciation of Pb and Hg by cGC-TDI-ICPMS using BuMgBr as a 
derivatization reagent. The accuracy of the developed method has been validated by 
analyzing the certified reference materials including CRM 580 (estuary sediment), 
CRM 463 (tuna tissue) and NIST 1946 (lake superior fish tissue). This method was 
finally applied to the speciation of Pb and Hg in the seafood and sediment samples 
collected around and/or on Xiamen Island.  
In Chapter Four, the method established was further applied to determination and 
speciation of Pb and Hg as well as other heavy metals and metalloids in the 
time-resolved samples peatbog and tree bark pocket. Historical pollution trends of 
these pollutants have been revealed using the information obtained using 
cGC-TDI-ICPMS together with Pb isotope analysis, which was recorded in peatbog 
and/or tree bark pocket samples.  
In Chapter Five, a summary and prospective of this thesis.  
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加提高它的抗腐蚀力。铅是人类 早使用的金属之一，公元前 3000 年，人类已
会从矿石中熔炼铅。铅在地壳中的含量为 0.0016 %，主要矿石是方铅矿。铅在自








































































性作用的影响，儿童平均血铅水平比美国高出70 ~ 80 μg/L。科学研究证明[7,8]，





[11]。一般饮用水中铅含量的安全界限是100 μg/L，而 高可接受水平是50 μg/L。
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